Mg-protoporphyrin IX monomethyl ester (oxidative) cyclase, the enzyme system responsible for the formation of the chlorophyll isocyclic ring, exhibits .requirements for. both essential sulfhydryls and essential disulfides. It is inhibited by N-ethylmaleimide, dithiothreitol, and ,Bmercaptoethanol, but not by sodium arsenite. This enzyme system shows some substrate specificity: .(a) the 6-side-chain of the macrocycle can either be a methyl propionate ester, or its j-hydroxy or ,-keto derivatives; (b) the 7-side-chain-can either be a propionic acid or a methyl propionate ester, (c) both the 4-vinyl and the 4-ethyl series can serve as substrates, at least at the ,B-keto ester level; (d) the activity appears to be lost if the side-chain in the 2-position is reduced from a vinyl to an ethyl.
Mg-protoporphyrin IX monomethyl ester (oxidative) cyclase is the enzyme system which is responsible for the conversion of Mg-Proto Me (for the structures of the Mg-porphyrin substrates, see Fig. 1 ) to MgDVP,2 that is, for the formation of the Chl isocyclic ring. This activity has been studied in intact developing chloroplasts (3, 4) . This cell-free system exhibits an absolute requirement for 02 and is strongly inhibited by artificial electron carriers such as MB, MVio, and PMS (4) . More recently, an active cyclase system was prepared from sonicated plastids by recombining a plastid membrane fraction and a stromal supernatant fraction (12) . Cyclase activity in the reconstituted system is dependent on 02 and reduced pyridine nucleotide (12) and is inhibited by organic mercurials (6) . This study further examines the inhibition ofcyclase activity by an irreversible, nonmercurial sulfbydryl alkylating agent and by free sulfhydryl compounds, and describes some other properties of the cyclase system.
MATERIALS AND METHODS
Materials. Hepes Methods. Plant Tissue. Cucumber seeds (Cucumis sativus L. cv Beit Alpha) were germinated in the dark at room temperature for 5 to 6 d (9). Etiolated seedlings were exposed to white light (60-80 ME m 2 sg' PAR at 28-30°C) for 20 h.
Plastid Isolation and Preparation of Reconstituted Cyclase System. Isolation ofdeveloping cucumber chloroplasts by Percoll centrifugation and preparation of the reconstituted cyclase system were as described previously (12) .
Assay Conditions. Routine assays were carried out in 1 ml of buffer containing 10 mM Hepes, 20 mm Tes, 1 mm EDTA, and 1 mM MgCl2 (pH 7.7). Substrate and cofactors appropriate to the reaction, along with 5.2 to 8.7 mg of plastid protein, were included. Incubations were carried out in the dark to prevent phototransformation or photodestruction of newly synthesized MgDVP. All incubations were carried out at 30C for 1 h and were terminated by freezing at -1 5°C.
Preparation of Substrates. The biosynthesis of Mg-Proto Me was according to Chereskin et al. (4) . Purified Mg-Proto Me was dissolved in DMSO to a final concentration of 500 Mm. Mg-Proto Me2 was prepared from Proto-Me2 by refluxing with Mg (C104)2 in anhydrous pyridine (7) . Mg-Proto was prepared by saponification of synthetic Mg-Proto Me2 (2). Mg-HP Me2, a gift of Drs. D. A. Goff and K. M. Smith, was prepared by NaBH4 reduction of Mg-KP Me2. Mg-Meso Me2 was also synthesized by Goff and Smith (unpublished data) and was saponified (2) to yield MgMeso. MgDVP Extraction and Determination. MgDVP formed during incubation was extracted into diethyl ether (1), and was determined using a Perkin-Elmer MPF 44-A fluorescence spectrophotometer as described previously (4) .
Pretreatment with NEM. Two to 4 ml of cyclase enzyme preparation was incubated with 5 mm NEM for 10 min at 20°C. The mixture was then dialyzed against 250 ml of buffer ( (4) ; on the other hand, MB and MVio did not. The reconstituted cyclase was also susceptible to inhibition by these electron carriers (12) . The mechanism of inhibition by MB and MVio is still unknown; however, NADPH was found to be able to overcome this inhibition. (Fig. 3 ). It appears that MB in some way competes with the reducing power, NAD(P)H, which is needed in this complex reaction.
NEM was found to be another strong inhibitor of the cyclase system. Five mm NEM given during the incubation for Mg-Proto Me cyclization resulted in 90% inhibition (Table I ). In some of the experiments, the cyclase preparation was pretreated with NEM prior to the actual assay. Such pretreatment caused an U -WONG AND CASTELFRANCO activity loss of about 70% (Table I) . This inhibition was raised to 92% if NEM was present also during assay (Table I , experiment 1). The effect ofsubstrate and cofactors on the NEM pretreatment was studied. Table I , experiment 2, line 4, shows that NADPH could enhance the inhibition during NEM pretreatment. Under these conditions the inhibition was as high as when NEM was added directly to the assay (line 2). On the other hand, when the cyclase system was pretreated with NEM in the presence of the other substrates, Mg-Proto Me, and SAM, a slight protective effect was observed (Table I, experiment 2, line 5).
The two enzymic components, i.e. the plastid membrane pellet fraction and the stromal supernatant fraction, were pretreated separately with NEM and NADPH, and the effects were observed. Table I , experiment 3, shows that both supernatant and membrane pellet fractions were equally susceptible to NEM inhibition (66 and 62% inhibition, respectively).
Sulfhydryl-containing compounds were also found to be inhibitory to the cyclase system. Table II Specificity of Metalloporphyrin Substrates. The substrate specificity of the cyclase system was also studied in the present work. Wong et al. (13) showed that both the 6-,8-hydroxy and 6-p3-keto derivatives of Mg-Proto Me could serve as substrates. The present study shows that Mg-Proto Me2 and Mg-HP Me2 could also be cyclized by the cyclase system under the same conditions (Table III) .
The cyclization product from Mg-Proto Me2 was characterized as follows: half of the reaction mixture was extracted according to our routine extraction procedure (1). The final diethyl ether extract was then analyzed by reversed-phase HPLC according to Fuesler et al. (5) . MgDVP, with emission maximum at 627 nm, was identified by its retention time (data not shown). The other (Fig. 2) could be due to contamination ofthe plastid preparation with broken chloroplasts which
